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Type I IFN production and signaling in macrophages play critical roles in innate immune responses. High salt (i.e. high concentrations of NaCl) has been proposed to be an important environmental factor that influences immune responses in multiple ways. However, it remains unknown whether high salt regulates type I IFN production and signaling in macrophages.
Here, we demonstrated that high salt promoted IFN␤ production and its signaling in both human and mouse macrophages, and consequentially primed macrophages for strengthened immune sensing and signaling when challenged with viruses or viral nucleic acid analogues. Using both pharmacological inhibitors and RNA interference we showed that these effects of high salt on IFN␤ signaling were mediated by the p38 MAPK/ATF2/ AP1 signaling pathway. Consistently, high salt increased resistance to vesicle stomatitis virus (VSV) infection in vitro. In vivo data indicated that a high-salt diet protected mice from lethal VSV infection. Taken together, these results identify high salt as a crucial regulator of type I IFN production and signaling, shedding important new light on the regulation of innate immune responses.
Type I interferon production and signaling are maintained in a feed-forward manner and play essential roles in host immune responses including defense against viral infections and reaction to vaccines. Type I interferons sequentially engage inter-feron ␣/␤ receptor (IFNAR), 4 activate transcription factor complex termed as IFN-stimulated gene factor 3 (ISGF3), and then induce expression of hundreds of interferon-stimulated genes (ISGs). ISGs themselves are also critical signaling molecules controlling type I interferon transcription (1) . Type I interferons confer target cells in an antiviral state through ISGs that enhance innate capabilities to sense viruses and that directly inhibit viral infections by affecting virus life cycle (2, 3) . In addition, type I interferons promote the survival and function of immune cells including natural killer cells, T cells, and B cells to effectively restrict virus propagation and remove them from host cells (4, 5) . Furthermore, induction of type I interferons is a major effector mechanism for vaccine adjuvants and adjuvant candidates such as polyinosinic:polycytidylic acid (poly(I⅐C)), because type I interferons potentiate dendritic cell activation and function including antigen cross-presentation (6 -9) . Therefore, regulation of type I interferon production and signaling is an important means to control host immune responses.
Macrophages are instrumental in innate immune response by mediating type I interferon production and signaling. They serve as sentinel cells that encounter and respond to pathogens at the earliest time (10, 11) . These cells are sufficiently equipped with immune signaling molecules and capable of producing type I interferons to activate expression of ISGs (1) . When either the production or downstream signaling of type I interferons is impaired in macrophages, mice are highly susceptible to viral infections (5, 12, 13) . Importantly, type I interferons secreted from macrophages not only protect macrophages themselves, but also their neighboring cells from viral infections (1).
High salt (increased sodium chloride) directly and markedly affects a variety of immune response and may regulate type I interferon production and signaling in macrophages. Salt is readily available and overconsumed in modern societies (14) , leading to accumulation of NaCl in tissues (15, 16) . The high-salt condition mounts inflammation (17, 18) and enhances bacterial killing (19) through shifting macrophage activation into the classically activated phenotype (M1). Earlier reports have also demonstrated that high salt aggravates experimental autoimmune encephalomyelitis by promoting Th17 cells (20, 21). Additionally, high salt dampens the immune suppressive functions of Treg cells, and thereby exacerbates both xenogeneic graft versus host diseases (22) and allograft rejection (23) . A recent study has demonstrated that high-salt formulation of aluminum-based adjuvant strongly promotes cancer vaccineinduced immune responses and antitumor effects due to the improvement of antigen cross-presentation in dendritic cells (24) . Despite the close relationships between high salt and immune responses, it remains unknown whether high salt regulates type I interferon production and signaling in macrophages.
In this study we investigated the impact of high salt on type I interferon production and signaling as well as on host defense against viral infections. We first determined the expression profile of ISGs in both human and mouse macrophages treated with high salt. We then identified interferon ␤ (IFN␤) as the mediator of the effects of high salt on ISGs. We next explored the influence of high salt on immune sensing and signaling of mouse macrophages responding to viruses or viral nucleic acids. We further uncovered the molecular mechanisms by which high salt regulated type I interferon production and signaling in macrophages. Finally, we studied the roles of high salt in resistance to vesicular stomatitis virus (VSV) infection both in vitro and in vivo.
Results

High salt promotes type I interferon signaling through up-regulating IFNB1 in macrophages
Macrophages were treated with additional NaCl to explore the influence of high salt on type I interferon signaling. Gene ontology analysis of RNA-Seq results in human monocytesderived macrophages demonstrated that the type I interferon signaling pathway and its associated responses to virus were among the most remarkably promoted biological processes by high salt (Fig. S1 ). Consistently, expression of dozens of ISGs was significantly increased by high salt (Fig. 1A) . The up-regulated expression was further validated by qRT-PCR ( Fig. 1B) . Some of these ISGs including interferon-induced protein 44-like (IFI44L) and interferon ␣-inducible protein 27 (IFI27) 
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rose by several 10-folds in high-salt-treated macrophages compared with those in untreated macrophages ( Fig. 1, A and B) . Results of qRT-PCR in mouse bone marrow-derived macrophages (BMDMs) showed that high salt increased transcription of ISGs both time and dose dependently ( Fig. 1, C and D) . These ISGs included 2Ј,5Ј-oligoadenylate synthetase 3 (Oas3), interferon-stimulated gene 15 (Isg15), interferon regulatory factor 7 (Irf7), interferon-induced protein with tetratricopeptide repeats 2 (Ifit2), MX dynamin-like GTPase 2 (Mx2), and C-X-C motif chemokine ligand 10 (Cxcl10). Furthermore, sodium gluconate, but not the same osmolarity of mannitol or urea, raised expression of ISGs ( Fig. 1E ). These data together indicated that increased sodium, but not elevation of osmolarity, was sufficient to up-regulate ISGs in macrophages.
Both interferon ␣ (IFN␣) and interferon ␤ (IFN␤) are engaged in type I interferon signaling (1) . We next addressed which interferon mediated the effects of high salt on ISGs in macrophages. Results of qRT-PCR showed that high salt up-regulated gene expression of IFNB1, but not IFNA, in both human monocytederived macrophages and mouse BMDMs (Fig. 2, A and B , and Fig. S2A ). Importantly, the expression Ifnb1 was increased much earlier than that of ISGs by high salt in mouse BMDMs (Figs. 1C and 2B). Furthermore, type I IFN bioactivity assay indicated that much more IFN␤ was produced in high-salttreated BMDMs than untreated BMDMs (Fig. 2C ). IFN␤ neutralizing antibodies abolished high-salt-induced up-regulation of ISGs in BMDMs; whereas IFN␣ neutralizing antibodies did not affect this up-regulation ( Fig. 2D and Fig. S2B ). In addition, deficiency of interferon ␣ and ␤ receptor subunit 1 (IFNAR1) ( Fig. S3A ) consistently abolished this up-regulation of ISGs ( Fig. 2E ), but did not affect the high-salt-induced increase of Ifnb1 expression ( Fig. S3B ). These results together suggested a pivotal role of IFN␤ in high-salt-induced expression of ISGs. Taken together, high salt enhanced type I interferon signaling through up-regulation of IFN␤ in macrophages.
High salt primes macrophage responses to virus and viral nucleic acids
ISGs play crucial roles in sensing viral pathogen-associated molecular patterns and transmitting host pattern recognition receptors-activated signaling (2) . Therefore, we next explored detection. BMDMs were treated with or without additional 50 mM NaCl for 12 h and the conditioned media were used for the assay. D, qRT-PCR analysis of ISGs in mouse BMDMs treated with or without an additional 50 mM NaCl and in the presence of either immunoglobulin G (IgG) or IFN␤ neutralizing antibodies (Anti-IFN␤, 200 units/ml). E, qRT-PCR analysis of ISGs in BMDMs isolated from either wildtype (WT) or IFNAR1 knockout (KO) mice and treated with or without an additional 50 mM NaCl. Cells were treated for 24 h except for those specifically indicated. Representative results of three independent experiments are shown. Student's t test was used in A and C, and one-way ANOVA followed by Turkey's multiple comparisons was used in B, D, and E for statistical analysis. ns, not significant; *, p Ͻ 0.05; **, p Ͻ 0.01; ***, p Ͻ 0.001.
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whether high salt primes macrophage responses to virus and viral nucleic acids through up-regulating these ISGs.
Mouse BMDMs were first treated with additional 50 mM NaCl for 16 h, washed with phosphate-buffered solution (PBS), and then stimulated with virus or viral nucleic acid analogues. Western blotting results demonstrated that high-salt pre-treatment was sufficient to significantly promote phosphorylation of Erk, JNK, TBK1, ATF2, c-Jun, and IRF3, all of which are critical players in controlling virus-induced IFN␤ production, in mouse BMDMs treated with double-strand RNA analogue poly(I⅐C) (Fig. 3A) . Consequently, high-salt pre-treatment markedly potentiated poly(I⅐C)-induced expression of Ifnb1 and subsequent ISGs including Ifit2 and Cxcl10 (Fig. 3B ). Similarly, high-salt pre-treatment potentiated expression of Ifnb1 and ISGs in BMDMs treated with VSV or cytosolic DNA sensing pathway activator 5,6-dimethylxanthenone 4-acetic acid (DMXAA) (Fig. 3, C and D) . Consistently, high-salt pre-treat-ment substantially augmented the secretion of IFN␤ from macrophages treated with poly(I⅐C), VSV, or DMXAA (Fig. 3E ). In addition, high-salt pre-treatment significantly enhanced the level of p-STAT1 (Tyr-701), but not of p-STAT1 (Ser-727), in BMDMs treated with poly(I⅐C) (Fig. S4, A and B) , consistent with previous observations that IFN␤-induced engagement of IFNAR canonically promotes STAT1 phosphorylation at tyrosine 701, but not at serine 727 (25) . These results collectively suggested that high salt primed macrophages to launch a more profound type I interferon production and signaling responding to viruses or viral nucleic acids.
p38 MAPK mediates high-salt-induced up-regulation of IFN␤ and type I interferon signaling in macrophages
We next tried to delineate the underlying mechanisms by which high salt promoted IFN␤ production and type I interferon signaling. Similar to our previous results (17), p38 phos- A, Western blotting analysis of molecules in the signaling pathway that controls Ifnb1 gene expression in mouse BMDMs. The cells were pretreated with or without an additional 50 mM NaCl for 16 h, washed twice with PBS, and then treated with 100 g/ml of poly(I⅐C) in the absence of additional NaCl for the indicated time periods. B-D, qRT-PCR analysis of Ifnb1 and ISGs in mouse BMDMs. The cells were treated the same as in A except that a 2-h treatment of poly(I⅐C) was carried out in B, VSV (m.o.i. ϭ 0.1) was used for the last 1.5 h of treatment in C, and 50 g/ml of DMXAA was used for the last hour of treatment in D. E, ELISA of IFN␤ in the supernatant of mouse BMDMs. The cells were treated the same as in A except that poly(I⅐C), VSV, and DMXAA were, respectively, used for the last 2.5, 1.5, and 1.5 h of treatment. Representative results of three independent experiments are shown. Student's t test was used for statistical analysis. *, p Ͻ 0.05; **, p Ͻ 0.01; ***, p Ͻ 0.001.
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phorylation was enhanced by additional NaCl treatment in BMDMs (Fig. S5A ). Thereby, we further used both the p38 selective inhibitor SB203580 (abbreviated as SB) and RNA interference to explore its potential role in mediating the effects of high salt on type I interferon signaling in macrophages. Results of qRT-PCR illustrated that SB completely abrogated high-salt-induced up-regulation of Ifnb1 gene expression in BMDMs (Fig. 4A) . Consequently, the induction of ISGs by high salt was markedly attenuated by SB treatment, and as a result SB significantly reduced expression of ISGs in high-salt-treated BMDMs (Fig. 4B) . Similarly, knockdown of p38 ameliorated high-salt-induced up-regulation of ISGs (Fig. S5, B and C) . In BMDMs challenged with both poly(I⅐C) and high salt, SB remarkably suppressed expression of Ifnb1 and Ifit2, an ISG (Fig. 4C) . Moreover, the induction of IFN␤ secretion by high salt was abolished by SB in poly(I⅐C)-challenged BMDMs (Fig.  4D ). Putting these results together, p38 MAPK mediated highsalt-promoted IFNB1 and type I interferon signaling in macrophages either with or without poly(I⅐C) treatment. In addition, p-p38 was increased by additional 50 mM Na-gluconate, but not by the same osmolarity of mannitol or urea in mouse BMDMs (Fig. S5D) , indicating that p38 phosphorylation was promoted specifically by high concentrations of sodium in mouse macrophages.
Phosphorylation of JNK was not elevated by high salt alone (Fig. S5E ). Although high salt increased phosphorylation of Erk (Fig. S5F ), inhibition of Erk by PD98059 did not affect high-salt-induced up-regulation of ISGs (Fig. S5G) . These results together suggested that p38 but not JNK or Erk mediated the effects of high salt on IFN␤ production and type I interferon signaling in macrophages.
ATF2/AP1 mediates high-salt-induced up-regulation of IFN␤ and type I interferon signaling in macrophages
Transcription factors ATF2 and c-Jun constitute a heterodimer AP1 that plays an essential role in regulating transcription of IFNB1 (26, 27) . In addition, p38 directly phosphorylates ATF2 and promotes its transcriptional activity (28) . Therefore, we explored whether ATF2/AP1 was part of the mechanisms regarding how high salt induced expression of IFNB1 and ISGs.
ATF2 phosphorylation, but not its total protein level, was significantly up-regulated by high salt in BMDMs (Fig. 5A) .
Results of qRT-PCR demonstrated that SR11302, an AP1 selective inhibitor, markedly reduced mRNA levels of Ifnb1 and ISGs in high-salt-treated mouse BMDMs (Fig. 5, B and  C) . Likewise, gene expression of Ifnb1 and Ifit2 were substantially inhibited by SR in BMDMs treated with both high salt and poly(I⅐C) (Fig. 5D ). Moreover, the induction of IFN␤ secretion by high salt was notably alleviated by SR in poly(I⅐C)-challenged BMDMs (Fig. 5E ). Finally, both SB and p38 knockdown significantly reduced high-salt-induced phosphorylation of ATF2 in BMDMs ( Fig. 5F and Fig. S6 ), suggesting that high salt promoted ATF2 phosphorylation through p38 Representative results of three independent experiments are shown. One-way ANOVA followed by Turkey's multiple comparisons was used for statistical analysis. ns, not significant; **, p Ͻ 0.01; ***, p Ͻ 0.001.
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activation. Taken together, a p38/ATF2/AP1 signaling axis mediated the impact of high salt on IFNB1 and type I interferon signaling in macrophages.
High salt augments defense against VSV infection in vitro
Given the importance of IFN␤ and ISGs in host defense (29), we then tested whether high salt would strengthen the ability of cells to fight against virus infection. We first used cell lysis assay to detect survival of mouse BMDMs infected with vesicle stomatitis virus coexpressing GFP (VSV-GFP). Pre-treatment with high salt notably improved cell survival in VSV-GFP-infected BMDMs (Fig. 6, A and B) . Moreover, mRNA levels of viral gene VSIVgp3 and EGFP were significantly lower in high-salttreated BMDMs than those in untreated BMDMs, indicating less replication of VSV (Fig. 6C ). Viral replication was then directly measured in L929 cells. Conditioned media from poly(I⅐C)-stimulated BMDMs restrained VSV replication in L929 cells, and this restraint was further potentiated by highsalt treatment in BMDMs (Fig. 6D ).
High salt protects mice from lethal VSV infection
To investigate the effect of high salt on host defense against viral infections in vivo, mice were fed a high-salt diet (HSD) or chow diet (CD) and then infected with VSV. In mice with intraperitoneal injection of VSV, qRT-PCR results demonstrated that HSD significantly decreased the VSIVgp3 mRNA level in mouse lungs and brains, suggesting decreased viral load in these two tissues (Fig. 7A ). HSD did not affect the expression of VSIVgp3 in other tissues such as livers, spleens, kidneys, or lymph nodes (Fig. S7 ). Monitoring the survival revealed that mice fed with HSD had a much lower mortality rate than those fed with CD (Fig. 7B) . These results suggested that HSD improved mouse survival by suppressing VSV replication, in particular tissues such as lungs and brains.
We further studied the effects of HSD on pulmonary VSV infection in mice. In mice with intrabronchial injection of VSV, HSD feeding resulted in significantly higher IFN␤ protein levels in the sera (Fig. 7C) . Plaque assay showed that VSV titers were remarkably lower in lungs from HSD-fed mice compared with Representative results of three independent experiments are shown. One-way ANOVA followed by Turkey's multiple comparisons was used for statistical analysis. ns, not significant; *, p Ͻ 0.05; ***, p Ͻ 0.001.
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CD-fed mice (Fig. 7D) . Moreover, HSD strikingly lowered the mortality rate of mice with intrabronchial VSV infection (Fig.  7E ). In summary, high salt alleviated viral load and improved survival in mice with either systemic or pulmonary VSV infection.
Discussion
Although recent studies have highlighted the important regulatory roles of high salt in macrophages, the impact of high salt on type I interferon production and signaling have not been explored in these cells. In this study, we demonstrated that high salt promoted the production of IFN␤ and expression of ISGs in macrophages. We identified a p38/ATF2/AP1 axis that mediated these effects of high salt. Consequently, high salt enhanced the defense against viral infections in cell culture and in mice.
Our data support that NaCl is an important regulator of innate immunity against viral infections in that it regulates type I interferon production and signaling in macrophages. We for the first time demonstrated that high salt promoted expression of ISGs through increased production of IFN␤ in macrophages. Importantly, high salt primed macrophages to initiate a strengthened response to viruses or viral nucleic acid analogues, leading to enhanced defense against VSV infections.
A previous study (19) has shown that high salt accelerates the elimination of intracellular bacteria and parasites. On the other hand, high salt has been demonstrated to skew a proinflammatory phenotype of macrophages and aggravate inflammatory diseases (17) , to promote Th17 (20, 21) or follicular helper T cell phenotype (30) and worsen autoimmune diseases, and to diminish the immune suppressive Treg phenotype and exacerbate xenogeneic graft versus host diseases (22) and allograft rejection (23) . Putting the results of the current study together with available literature, a more complete picture emerges to reflect the roles of high salt in immunoregulation, up-regulation of immune response. Resultantly, high salt helps to fight pathogens including viruses, bacteria, and parasites, while exacerbating inflammatory diseases, autoimmune diseases, and alloimmunity-related diseases such as graft versus host diseases and allograft rejection.
Regulation of type I interferon production and signaling by high salt may also have important implications in development of vaccine adjuvants. High salt has been recently shown to improve antigen cross-presentation in dendritic cells and consequently promote host immune responses to aluminum-based vaccine adjuvant (24) . Intriguingly, earlier results have revealed 
High salt regulates type I interferon signaling
that type I interferon signaling is required for immune responses induced by chitosan, a prominent candidate for vaccine adjuvants (6) . Chitosan induces IFN␤ that in turn directly targets dendritic cells and promotes their maturation and activation, and subsequently enhances host adaptive immunity (6) . It is plausible that IFN␤ signaling at least partially mediates the high-salt-strengthened vaccine immune responses. Macrophage-derived IFN␤ may be part of the mechanisms, and it would be interesting to further determine whether high salt boosts type I interferon production and signaling in dendritic cells to bolster vaccine immune responses.
We have identified a p38/ATF2/AP1 axis that mediates the intracellular impact of high salt on type I interferon production and signaling, although future work is warranted to delineate the mechanisms how extracellular stimulus of increased sodium is transmitted across the plasma membrane. Mammalian cells survive hypertonicity stress including high salt with adaptation (31) . The early responses of such adaptation are characterized by change of cytoskeletal architecture and cell shrinkage, which contribute to increases of intracellular ionic strength and DNA damage (31) . In this study, we revealed that high salt up-regulated IFN␤ and its downstream expression of ISGs via p38 MAPK activation, which was previously accounted for by change of cytoskeletal architecture (32) , indicating that change of cytoskeletal architecture is involved in the transmembrane signal transmission of increased sodium.
In summary, high salt up-regulates IFN␤ production and signaling, and thereby strengthens immune responses in macrophages through a p38/ATF2/AP1 axis. Accordingly, high salt enhances resistance to VSV infection both in vitro and in vivo. These results identify high salt as a novel regulator of type I interferon production and signaling in macrophages, providing a fundamental rationale for utilizing high salt as a maneuver to boost host innate immunity.
Experimental procedures
Ethics statement
All experimental protocols have been approved by the Institutional Review and Ethics Board of Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine. Mouse procedures were done strictly in compliance with NIH Guide for the Care and Use of Laboratory Animals. Blood was obtained from healthy donors who signed informed consent documents.
Animals
IFNAR1 knockout mice (33) and C57BL/6 mice were fed ad libitum under 12/12-h light/dark cycle in specific pathogenfree facility. Three-month-old mice were randomized into chow diet group (CD group) and high-salt diet group (HSD group). Mice in the CD group were fed tap water and normal diet, whereas those in the HSD group were fed tap water containing 1% NaCl and diet containing 4% NaCl as previously described (20, 21).
Human and mouse macrophages
Human and mouse macrophages were derived from human peripheral blood monocytes and mouse bone marrow progenitors, respectively (17) . Mouse bone marrow-derived macrophages were treated with an additional 50 mM NaCl in the culture medium. 
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Chemicals and neutralizing antibodies SB203580 (1402, Tocris), PD98059 (P215, Sigma), SR11302 (2476, Tocris), IFN␣ neutralizing antibody (32100-1, PBL Assay Science), and IFN␤ neutralizing antibody (32400-1, PBL Assay Science) were used.
RNA sequencing and qRT-PCR
Total RNA was extracted using a TRIzol kit and gene expression was evaluated using RNA sequencing or qRT-PCR (17) . The original data (GSE68482) of RNA sequencing were uploaded to the Gene Expression Omnibus. For qRT-PCR, 1 g of RNA was reversely transcribed into cDNA and specific primers were designed to amplify target genes. PCR was done on an ABI7900 machine using SYBR Green mixture. Relative values of gene expression were normalized to L32 or GAPDH.
Western blotting and ELISA
Total protein was extracted from macrophages and subjected to SDS-PAGE separation and immunoblotting. The results were visualized with chemiluminescence. These primary antibodies were used: p-Erk1/2 (4376s), Erk1/2 (4695), p-JNK (9255), JNK (9252), p-TBK1 (5483), TBK1 (3504), p-ATF2 (9221), ATF2 (9226), p-cJun (9164), c-Jun (9165), p-IRF3 (4947), p-STAT1(Tyr-701) (9167), p-STAT1(Ser-727) (9177), and STAT1 (9172) from Cell Signaling Technology, and IRF3 (ab68481) from Abcam. Enzyme-linked immunosorbent assay (ELISA) was used to measure the IFN␤ protein level in mouse sera and macrophage culture media according to the manufacturer's protocol (42400-1, PBL Assay Science).
Type I IFN bioactivity assay
HEK-Blue TM IFN␣/␤ cells (InvivoGen) were seeded in 96-well plates and cultured for 24 h. Conditioned media from mouse BMDMs treated with high salt or not were added to each well. The cells were allowed to incubate for another 24 h. Secreted alkaline phosphatase activity was determined using QUANTI-Blue TM reagents (InvivoGen) according to the manufacturer's protocol. The optical density was measured at 655 nm.
RNA interference
Culture media were changed to Opti-MEM 2 h before transfection. BMDMs were transfected with scramble siRNA or the combination of p38␣ siRNA (sc-29434) and p38␤ siRNA (sc-39117) (Santa Cruz Biotechnology) using Lipofectamine RNA iMAX reagent (Invitrogen).
Cell lysis assay
BMDMs were infected with VSV and then cultured in virusfree media for 24 h. At the end of the culture, dead cells were washed off with PBS and the living cells were fixed with methanol and stained with 1% crystal violet for 15 min. Images were captured for cell counting.
VSV propagation, titer measurement, and mouse infection
293FT cells were seeded in the T75 flasks and grown to 60% confluence for VSV propagation. The cells were infected with 0.01 plaque-forming units (pfu) of VSV per cell and allowed to culture for 24 h before viral particles were harvested. Viral particles were concentrated using ultracentrifugation and quantified using plaque assay. Mice were infected with VSV via intraperitoneal or intrabronchial injections.
Plaque assay of viral load
Mouse lungs were homogenized in PBS and the supernatant was collected for viral load quantification. Vero cells were infected with the virus-containing supernatant for 2 h after reaching confluence, and then washed twice with PBS. The cells were then cultured in media containing 1.5% methylcellulose for 3-4 days. Crystal violet staining was used to visualize plaques in which cells were lysed by viruses.
Statistics
All statistics were analyzed using Prism software (GraphPad). Data were presented as mean Ϯ S.D. Unpaired Student's t test was used for comparisons of two independent groups. One-way ANOVA followed by Turkey's test was used for multiple comparisons. Mouse survival curves were compared using Log-rank (Mantel-Cox) test. For all comparisons, p value of less than 0.05 was considered significant.
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